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. 

I OBJECTIVE 

Union C a r b i d e  C o r p o r a t i o n  Chemica l s  and P las t ics  
O p e r a t i o n s  D i v i c l o n  has a g r c e d  to  p r o v i d e ,  on  a l e v e l  of 
e f f o r t  basis  be twccn 100u8  and 106.8 d i r e c t  man months of 
e f f o r t  t o  a s s i s t  t h e  J e t  P r o p u l s i o n  L a b o r a t o r y  i n  t h e  
dew6 lopmcnt  of a new os improiled p o l y m e r i c  b i n d e r  f o r  
advanced  s o l i d  p r o p e l l a n t  and hybr id  s o l i d  g r a i n s .  The 
d e t z i l e d  objcct i I .es  arc: d e s c r i b e d  i n  Q u a r t e r l y  Repor t  N o ,  1. 

11. ABSTRACT 

Severa l  c h a i n  t r a n s f e r  a g e n t s  are b e i n g  i n v e s t i -  
gatc-d as  t o  t h e i r  s u i t a b i l i t y  f o r  p l a c i n g  d e s i r a b l e  
f u n c t i o n a l  g r o u p s  a t  t h e  e n d s  of e thy lene -neohexene  copo lymer  
c h a i n s '  Symmet r i ca l  d i s u l f i d e s  s u c h  as  d i m e t h y l  d i i h i o -  
g l y c o l a t e  were n o t  v e r y  e f f e c t i v e  a s  t e l o g e n s  f o r  e t h y l e n e /  
neohexene  copo lymers .  Much more p r o m i s i n g  r e s u l t s  have  b e e n  
o b t a i n e d  w i t h  t e l o g c n s  c o n t a i n i n g  t h e  ca rbon-ha logen  bond ,  
Ca rbon  t e t r a c h l o r i d e  gave te lomers  c o n t a i n i n g  -C1 and -CC1 
a s  polymer  end g rcups . ,  
h a s  p r o v e n  t o  be u n c x p e c t c d l y  d i f f i c u l t .  I n  o r d e r  t o  
c i r c u m v e n t  t h e s e  problems telomers have  been  made c o n t a i n i n g  
more reac t ive  end  g r o u p s .  The t c l o g e n s  p r e s e n t l y  u n d e r  
i n v e s t i g a t i o n  are b r o m o t r i c h l o r o m e t h a n e  (BrCC13), bromoacetic 
a c i d  (BAA), a - b r o m o i s o b u t y r i c  a c i d  (BIBA), and t - b u t y l  
a - b r o m o i s o b u t y r a t e  (BBIB). 

Conver s ion  of t h e s e  g r o u p s  t o  -COOa 

Te lomers  have  been  o b t a i n e d  from e a c h  of t h e s e  
t e l o g e n s  and t h e  a n a l y t i c a l  d a t a  t h u s  f a r  r e c e i v e d  are 
q u i t s  favorable .  I n  p a r t i c u l a r ,  t h e  first BBIB telomer 
a n a l y s e d  c o n ? a i n s  .95 6ster g r o u p s  and 84 bromine  atoms 
per  m o l o c u l r  

T h e s e  p r o d u c t s  s h o u l d  be easier  t o  c o n v e r t  t o  
d i f u n c t i o n a l  c a r b o x y l  t e r m i n a t e d  p r e p o l y m e r s  t h a n  any  
p r o d u c t s  produced  t o  d a t e .  Having o n e  COOH g r o u p  p e r  molecule  
a s  a s t a r t i n g  p o i n t .  w e  p l a n  t o  USE: t h e  more reactive bromide 
g r o u p  i n  v a r i o u s  ways t o  o b t a i n  a d d i t i o n a l  c a r b o x y l i c  a c i d  
f u n c t i o n a l i t y c  

Model compound s t u d i e s  o n  11-bromohendecanoic  
a c i d  have  d e m o n s t r a t e d  t h e  f e a s i b i l i t y  of t h i s  a p p r o a c h  f o r  
p r e p a r i n g  d i c a r b o x y l i c  acids .  



I I J .  SCOPE OF PROJECT 

The s c o p e  of t h i s  work h a s  n o t  changed f rom t h e  
program o u t l i n e d  i n  t h e  w o r k  s t a t e m e n t .  The e x p e r i m e n t a l  
p rogram i s  d i r e c t e d  toward  improv ing  t h e  f u n c t i o n a l i t y  
of t h e  p r e p o l y m e r .  

IV. INTRODUCFION 

Jn  o u r  f i f t h  q u a r t e r l y  r e p o r t  w e  d e s c r i b e d  e t h -  
y l ene -neohexene  c o p o l y m e r i z a t i o n s  which  were c a r r i e d  o u t  
i n  a c o n t i n u o u s ,  h i g h  p r e s s u r e  t u b e  reac tor .  I t  w a s  dem- 
o n s t r a t e d  t h a t  p r e p o l y m e r s  h a v i n g  t h e  d e s i r e d  e t h y l e n e /  
neohexene  combined r a t i o  and molecular  w e i g h t  c o u l d  be made 
w i t h  ease The c a r b o x y l  f u n c t i o n a l i  t y  of  t h e s e  po lymers  
was closer l o  one  t h a n  t w o ,  which  was found t o  be d u e  t o  
d i s p r o p o r t i o n a t i o n  of r a d i c a l s  from t h e  i n i t i a t o r ,  DMAB. 
I t  w a s  c o n c l u d e d  t h a t  a z o d i c a r b o x y l i c  a c i d  es ter  i n i t i a -  
t o r s  s h o u l d  o n l y  be u s e d  i n  l o w  c o n c e n t r a t i o n s  f o r  i n i t i a -  
t i o n  p u r p o s e s ,  and  t h a t  t e r m i n a t i n g  a g e n t s  s h o u l d  be c h o s e n  
which  w i l l  n o t  d i s p r o p o r t i o n a t e  o r  a c t  a s  hydrogen  t r a n s f e r  
a g e n t s  . 

These  c o n s i d e r a t i o n s  l e d  t o  t h e  d e c i s i o n  t o  i n -  
v e s t i g a t e  t h e  u s e  o f  t e l o m e r i z i n g  a g e n t s  which wou ld ,  by 
t h e  p r o c e s s  of  c h a i n  t r a n s f e r ,  p l a c e  u s e f u l  f u n c t i o n a l  
g r o u p s  a t  e a c h  end  o f  e a c h  m o l e c u l e  Two classes o f  com- 
pounds were c h o s e n  f o r  i n i t i a l  e x a m i n a t i o n ,  s y m m e t r i c a l  
d i s u l f i d e s ,  and  m o l e c u l e s  c o n t a i n i n g  t h e  ca rbon-ha logen  
l i n k a g e .  T h r e e  s y m m e t r i c a l  d i s u l f i d e s  were s y n t h e s i z e d  
f o r  u s e  a s  c h a i n  t r a n s f e r  a g e n t s .  These  were, d i m e t h y l  % , ? / ' -  

d i t h i o  d i b u t y r a t e ,  d i - t - b u t y l  n ,  n '  d i t h i o  b i s  i s o b u t y r a t e  
and  d i m e  t h y 1  d i  t h i o  g l y c o l a t e .  Carbon t e t r a c h l  d r i d e  w a s  
c h o s e n  a s  t h e  f i r s t  telogen c o n t a i n i n g  t h e  c a r b o n - h a l o g e n  
bond.  E thy lene -neohexene  copo lymers  w e r e  made i n  t h e  p r e s -  
e n c e  of  CC14 and  kound t o  be t e r m i n a t e d  a t  one  end  with-C1 
and  a t  t h e  o t h e r  w i t h  - C C l 3 ,  a s  e x p e c t e d .  

I 

The r e p o r t  which  f o l l o w s  d e s c r i b e s  t h e  e f f o r t s  
which h a v e  been made t o  c o n v e r t  t h e  CCl4 telomers i n t o  
po lymers  h a v i n g  COOH t e r m i n a t i o n .  F u r t h e r  e v o l u t i o n  and 
e x t e n s i o n  of t h i s  c o n c e p t  t o  telomers made  w i t h  Br-CC13, 
q- bromo i s o b u t y r i c  a c i d  a n d  s i m i l a r  t e l o g e n s  i s  a l s o  cov- 
e r ed .  Our e v a l u a t i o n  of s y m m e t r i c a l  d i s u l f i d e s  a s  t e l o g e n s  
h a s  been  comple t ed  and is a l s o  d e s c r i b e d  below.  
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V .  TECHNICAL DISCUSSION 

A .  P r e p a r a t i o n  of Ethvlene-Neohexene Te lomers  Usinn  

I n  o u r  l a s t  q u a r t e r l y  r e p o r t  w e  d i s c u s s e d  t h e  u s e  
of c a r b o n  t e t r a c h l o r i d e  a s  a t e l o g e n .  When p r e s e n t  i n  a 
p o l y m e r i z a t i o n  r e a c t i o n  m i x t u r e ,  c a r b o n  t e t r a c h l o r i d e  p a r t i -  
c i p a t e s  i n  c h a i n  t r a n s f e r  r e a c t i o n s  which  l e a d  t o  polymer  
s t r u c t u r e s  h a v i n g  a t r i c h l o r o m e t h y l  g r o u p  upon one  end o f  
e a c h  c h a i n  and a c h l o r i d e  upon t h e  o t h e r  e n d .  We a l s o  re- 
p o r t e d  t h e  r e s u l t s  of f o u r  s u c h  t e l o m e r i z a t i o n s  r u n  i n  t h e  
small  s t i r r e d  a u t o c l a v e  a t  9 0 ° C  ( r u n s  23 E M S - 6 3 ,  6 4 ,  65 and 
90) I n  t h e  p a s t  q u a r t e r  w e  have  c a r r i e d  o u t  f u r t h e r  t e lo-  
mer iza t ions  u s i n g  CCl4 i n  bo th  t h e  s t i r r e d  a u t o c l a v e  and  
t h e  c o n t i n u o u s  t u b u l a r  r e a c t o r .  The r e s u l t s  of t h e  t w o  
s t i r r e d  a u t o c l a v e  r u n s  a re  summarized i n  T a b l e  I .  

Runs 126  and 1 2 8  were made  a t  a t e m p e r a t u r e  of 
1 6 0 ° C  u s i n g  d i - t e r t i a r y  b u t y l  p e r o x l d e  (DTBP) a s  t h e  f r e e  
r a d i c a l  initiate-1.. These r u n s  were p i l o t  s t u d i e s  t o  de-  
t e r m i n e  a p p r o x i m a t e  c o n d i t i o n s  t o  u s e  i n  t h e  t u b u l a r  reactor  
r u n s .  A t  t h e  h i g h e r  t e m p e r a t u r e s  r e q u i r e d  f o r  e f f i c i e n t  
o p e r a t i o n  of a t u b u l a r  r e a c t o r ,  n e i t h e r  DMAB n o r  A I B N  would 
be s u l t a b l e  i n i t i a t o r s .  Comparing Run 126  w i t h  Run 90 ( r e -  
po r t ed  l a s t  q u a r t e r ) ,  which  a l s o  h a s  a CClq/Monomer r a t i o  
of . 003 ,  one  n o t e s  a n  i n c r e a s e d  y i e l d  and  a d e c r e a s e d  v i s -  
c o s i t y  f o r  t h e  p r o d u c t  p r e p a r e d  a t  160°C. These  c h a n g e s  
a r e  due  t o  t h e  i n c r e a s e d  p o l y m e r i z a t i o n  r a t e  and t h e  g r e a t e r  
c h a i n  t r a n s f e r  a c t i v i t y  o f  CCl4 a t  t h e  h i g h e r  t e m p e r a t u r e .  
We c a n n o t  e v a l u a t e  t h e  f u n c t i o n a l i t y  of t h e  p r o d u c t  f rom 
Run 126 a s  y e t ,  however ,  because  of t h e  i n c o n s i s t e n c i e s  i n  
t h e  a n a l y t i c a l  d a t a  r e c e i v e d  on t h i s  r u n  ( t h e  e l e m e n t a l  a n a l -  
y s e s  on C ,  H ,  C 1 ,  and  0 added up t o  92%; 1300 molecular  w e i g h t  
d o e s  n o t  f i t  t h e  v i s c o s i t y  d a t a  a t  a l l ) .  The s a m p l e  h a s  been  
r e s u b m i t t e d  for a n a l y s i s .  

-- 

Run 1 2 8 ,  i n  which a l & r g e r  CCl4/Monomer r a t i o  
(.006) w a s  u s e d ,  g a v e  a p r o d u c t  w i t h  a lower m o l e c u l a r  w e i g h t .  
The a n a l y t i c a l  d a t a  i n d i c a t e  t h a t  t h i s  telomer c o n t a i n s  1.69 
c h l o r i n e  f u n c t i o n a l  g r o u p s  (Cl-C- as  w e l l  a s  - C C l 3 )  p e r  mole- 
c u l e .  

I n  o u r  l a s t  q u a r t e r l y  r e p o r t ,  w e  o u t l i n e d  t h e  p ro -  
c e d u r e  used  i n  making e t h y l e n e - n e o h e x e n e  copo lymers  i n  t h e  
t u b u l a r  reactor u s i n g  DMAB i n i t i a t o r .  E s s e n t i a l l y  t h e  same 
p r o c e d u r e  was used  t o  p r e p a r e  t h e  CCl4 telomers w i t h  t h e  

- 3 -  



TABLE r 
STIRRED AUTOCLAVE RUNS 

CCl4 TELOMERIZATIONS OF ETHYLENE/NEOHEXENE __- 

Run N o .  23-EMS 

CHARGE: 
Solvent  
Solvent  W t .  gms. 
I n i t i a t o r  
I n i t i a t o r  W t .  gms. 
Carbon T e t r a c h l o r i d e ,  gms. 
Neohexene, gms. 
Ethylene ,  gms. 
Mol. R a t i o  S/M, C C l 4  t o  Monomers 

126 

--- 
DTBP 

. 5  
8 

690 
255 

.003 

128 - 

--- 
DTBP 

. 5  
16 

686 
254 

.006 

REACTION CONDITIONS : 
Temperature,  "C 160 160 
P r e s s u r e s  p s i  

In1  t i a l  
F i n a l  

React ion time, h r s .  

PRODUCTIVITY: 
Y i e l d ,  gms. 
Conversion, % 
Rate. ,  % per  hr. 

15000 15000 
14000 14000 

.17 1 .0  

85  68 
9 .o 7 . 2  

52.9 7 . 2  

PHYSICAL PROPERTIES. 
Molecular Weight 1300* 587 
Brookfield V i s c o s i t y ,  c p s .  15,400 650 
S p e c i f i c  V i s c o s i t y ,  80 'C  .031 .019 

Carbon, Wt % 
Hydrogen, Wt . % 
Oxygen, W t .  % 
C h l o r i n e ,  W t .  % 

FUNCTIONAL I TY: 
Chlor ine  ( C l 2 / m o l . )  
Oxygen (02/mol.) 

DESCRIPTION: 

78.79* 68.47 
13.46* 11.37 
o*oo* .17 
0.27* 20.36 

? 1.69 
? .06 

C o l o r l e s s ,  S l i g h t l y  
Hazy O i l s  

* A n a l y t i c a l  R e s u l t s  Ques t ioned  
Sample R e s u b m i t  ted 
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e x c e p t i o n  t h a t  117 some of t h e  r u n s  a " s p l i t  f e e d "  was u s e d .  
The s p l i t  f e e d  allows onF to m a i n t a i n  a more n e a r l y  u n i f o r m  
l e v e l  of telogefi and  i n i : i a t c r  t h r o u g h o u t  t h e  l e z g t h  of *.he 
t u b u l a r  reac tor .  T h i s  i s  accompl i shed  by i n j e c t i n g  f r e s h  
i n i t i a t o r  a n d  t e l o g e n  in'o * h e  p o l y m e r i z a t i o n  m i x t u r e  midway 
a l o n g  t h e  r e a c t c r .  I n  t h e  cases where s p l i t  f e e d  w a s  u s e d ,  
a n  i n e r t  S O ~ V C . ~ , ' ,  i s o - o c t a n e ,  was used  to  convey  a d i l u t e  
s a l u t i o n  of DTBP ar,d CC14 i A : d  the r e a c t o r ' s  s e c o n d a r y  f e e d .  
The p r imary  f e e d  m i x t u r e  was a s o l u t i o n  of e t h y l e n e ,  CCl4, 
and  DTBP i n  npohcxene.  No a d d e d  s o l v e n t  was used  i n  t h e  p r i -  
mary f e e d .  

A l l  of t h e  CC14 t e l o m e r i z a t i o n  p r o d u c t s  f rom t h e  
t u b u l a r  rf=acTor were s t r i p p e d  7 0  1 5 5 ' C  a t  2 m m .  and  one d r o p  
o f  s t a b i l i z e r ,  d i b u t y l  t i n  d i l a u r a ' e ,  was added p r i o r  t o  
s t r i p p i n g  t o  min imize  d e h y d r o h a l o g e n a t i o n .  A d i s t i l l a t e  
f r a c t i o n ,  v e r y  l i k e l y  l o w  m o l e c u l a r  w e i g h t  telomers w i t h  
CCl4,  was o b t a i n e d  between 1 2 0 ' C  @ 300 mm t o  155°C @ 2 m m .  
T h i s  f r a c t i o n  v a r i e d  betweer, 9 + o  20 w e i g h t  p e r  c e n t  o f  t h e  
t o t a l  p r o d u c r .  I t  was ?ot i n c l u d e d  i n  c o n v e r s i o n  c a l c u l a -  
t i o n s .  

The r e s u l t s  of t h e s e  t u b u l a r  reac tor  r u n s  w i t h o u t  
s p l i t  f e e d  a r e  g i v e n  i n  TablE 1 1 .  

With + h e  e x c e p t i o n  of R u n s  10 and 1 2  where t - b u t y l  
p e r o x y p i v a l a t p  (TBPP; w a s  u s e d ,  d i - t -  - b u t y l  p e r o x i d e  TDTBP) 
w a s  used  i n  a l l  of t h e  r u n s .  

I n  o u r  f i r s t  r k n  in ? h e  t u b u l a r  reactor t h e  j a c k e t  
t e m p e r a t u r e  w a s  220°C. T h i s  is  t h e  t e m p e r a t u r e  s u c h  t h a t  
95 p e r  c e n t  of  t h e  d i - t - b u t y l  p p r o x i d e  (DTBP) i s  consumed a t  
a r e s i d e n c e  r i m e  of 6 0 - s s c o n d s ,  p r o v i d i n g  incoming f e e d  is  
a t  200°C. Two t u b e s  w e r e  u s e d ,  o n e  a s  a p r e h e a t e r ,  f o r  t h e  
f i r s t  t w o  runb. A t  220°C v e r y  l o w  B r o o k f i e l d  v i s c o s i t y  p r o -  
d u c t  w a s  made w i  t h  e v i d e n c e  of d e h y d r o c h l o r i n a t i  on ( d a r k  
c o l o r ) .  J a c k e t  t e m p e r a t u r e  w a s  r educed  to  2 0 0 ° C  and  t h e  c o l o r  
improved w i t h  a t h r e e f o l d  i n c r e a s e  i n  B r o o k f i e l d  v i s c o s i t y .  

The m o l e c u l a r  weight  of t h i s  p r o d u c t  w a s  667. Drop- 
p i n g  t h e  t e m p e r a t u r e  t o  1 8 O o C ,  and i n c r e a s i n g  r e s i d e n c e  time 
t o  t h r e e  m i n u t e s  doub led  ? h e  B r o o k f i e l d  v i s c o s i t y  to  2 , 2 0 0  c p s .  
However,  t h e  m o l e c u l a r  we igh t  w a s  a b i t  l o w  ( 7 6 7 ) .  From t h e s e  
f i r s t  f i v e  e x p e r i m e n t s  i t  was o b v i o u s  t h a t  e i t h e r  lower temp- 
e r a t u r e s ,  lower t e l o g e n  c o n c e n t r a t i o n  or b o t h  would h a v e  t o  
be used  t o  o b t a i n  a h i g h e r  m o l e c u l a r  weight .  
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The n e x t  r u n  was made a t  160°C u s i n g  t - b u t y l  peroxy-  
p i v a l a t e  (TBPP), a lower t e m p e r a t u r e  p e r o x i d e  t h a n  DTBP. T h i s  
r e s u l t e d  i n  a lower v i s c o s i t y  polymer .  F u r t h e r  a d j u s t m e n t  o f  
t h e  r e l a t i v e  c o n c e n t r a t i o n s  of C C l 4 / m o n o m e r / i n i t i a t o r  r e s u l t e d  
i n  a p r o d u c t  of m o l e c u l a r  we igh t  1114 (Run # 1 2 ) .  However,  t h i s  
p r o d u c t  c o n t a i n e d  a b o u t  one C12 per m o l e c u l e .  

R e t u r n i n g  tc 1 8 0 ° C  and  DTBP, t h e  CCl4/monomer mole 
r a t i o  was r e d u c e d  t o  0 ,001 which gave  a polymer o f  11,000 c p s .  
v i s c o s i t y  and  1009 mol. w t .  T h i s  p r o d u c t  a l s o  c o n t a i n e d  o n l y  
a b o u t  one  C12 p e r  m o l e c u l e ,  

With some i d e a  o f  t h e  c a p a b i l i t y  o f  t h e  s y s t e m ,  i t  
now seemed r e a s o n a b l e  t o  g o  t o  s p l i t  f e e d s  s u c h  t h a t  l o w  con- 
c e n t r a t i o n s  o f  CCl4 c o u l d  be used t o  o b t a i n  t h e  h i g h  m o l e c u l a r  
w e i g h t ,  b u t  t h a t  t h e  t e l o g e n  c o n c e n t r a t i o n s  c o u l d  be m a i n t a i n e d  
by i n j e c t i o n  o f  more CCl4 and c a t a l y s t  midway i n  t h e  reactor .  
When t h e  c h a i n  t r a n s f e r  c o n s t a n t s  a r e  much greater t h a n  o n e ,  
a d d i t i o n a l  t e l o g e n  s h o u l d  be added t o  s u p p l a n t  CCl4 a l r e a d y  
consumed. Such r u n s  a r e  N o s .  16-36, where  i s o o c t a n e  s o l u t i o n s  
of Cc14 and  DTBP were i n j e c t e d  midway i n  t h e  reac tor .  Mole 
r a t i o s  o f  CCl4 t o  monomer f o r  t h e  s e c o n d a r y  f e e d  were based  on 
98 p e r  c e n t  of monomers f e d ;  two p e r  c e n t  w a s  c o n s i d e r e d  t o  be 
c o n v e r t e d  t o  polymer .  T h i s  p r o c e d u r e ,  however ,  d i d  n o t  a l low 
u s  t o  o b t a i n  p r o d u c t s  of  h i g h  c h l o r i n e  f u n c t i o n a l i t y .  Copolymers 
h a v i n g  t h e  d e s i r e d  m o l e c u l a r  w e i g h t  had C l 2  f u n c t i o n a l i t i e s  of  
s l i g h t l y  less t h a n  o n e .  The r e s u l t s  a re  summarized i n  T a b l e  111. 

W e  b e l i e v e  t h a t  t h e  s o u r c e  o f  t h e  d i f f i c u l t y  i s  t h e  
h i g h e r  c h a i n  t r a n s f e r  c o e f f i c i e n t  o f  CCl4 a t  t h e  t e m p e r a t u r e  
r e q u i r e d  f o r  e f f i c i e n t  o p e r a t i o n  o f  a t u b u l a r  reactor.  

The e f f e c t  o f  t e m p e r a t u r e  on t r a n s f e r  a c t i v i t y  of  CCl4 
may be s e e n  i n  F i g u r e  1 where  t h e  l o g  of  t h e  t r a n s f e r  c o n s t a n t *  
is p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  o f  t h e  a b s o l u t e  t e m p e r a t u r e .  
T e m p e r a t u r e s  above  1 0 0 ° C  r e p r e s e n t  maximum i n t e r n a l  t u b e  temp- 
e r a t u r e s .  A t  90°C t h e  transfer c o n s t a n t s  were t a k e n  from s t i r r e d  
a u t o c l a v e  d a t a .  

* The c h a i n  t r a n s f e r  c o e f f i c i e n t s  were c a l c u l a t e d  from t h e  s l o p e s  
of s t r a i g h t  l i n e s  f i t t e d  t o  p l o t s  o f  1/DPn a g a i n s t  
a s  d i s c u s s e d  i n  o u r  l a s t  q u a r t e r l y  r e p o r t .  We mus t  re- n ipnas ize  
t h a t  t h i s  p r o c e d u r e  i s  p u r e l y  e m p i r i c a l  and  g i v e s  r e s u l t s  which  
o n l y  relate t o  o u r  p a r t i c u l a r  r e a c t i o n  c o n d i t i o n s  a n d  comonomer 
c o m p o s i t i o n s .  

I+ p1 
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Figure I 

TEMPERATURE , O C  + 
CHAIN TRANSFER COEFFICIENT OF CClq AS A FUNCTION 

OF TEMPERATURE. 
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I t  is  p r o b a b l y  s i g n i f i c a n t  t h a t  t h e  t u b u l a r  reactor 
p r o d u c t  o f  h i g h e s t  f u n c t i o n a l i t y  (Run No. 10, 1.61 C12/mole- 
c u l e )  w a s  made a t  v e r y  l o w  c o n v e r s i o n  on  b o t h  monomers and  
upon C C 1 4 ,  
t h e  mole r a t i o  of  CC1 t o  monomer must  be a b o u t  0.003 a t  90°C 
and 0.001 a t  160°C.  it t h e  l a t te r  r a t i o ,  a s suming  100 p e r  c e n t  
e f f i c i e n c y  on t h e  c c 1 4 ,  c o n v e r s i o n  must  be l i m i t e d  t o  2 . 2  p e r  
c e n t  o n  t h e  monomers o r  n o n - r e a c t i v e  t e r m i n a l  g r o u p s  w i l l  r e s u l t .  
I n  t h e  h i g h e r  c o n v e r s i o n  r u n s ,  t h e  CC1 , is  d e p l e t e d  b e f o r e  t h e  
p o l y m e r i z a t i o n  is  o v e r ,  e v e n  when s p l i t  f e e d  is  u s e d .  

To o b t a i n  a thousand m o l e c u l a r  w e i g h t  copolymer  

Our r e s u l t s  h a v e  shown t h a t  t h e  c o n t i n u o u s  t u b u l a r  re- 
actor is n o t  s u i t a b l e  f o r  p r e p a r a t i o n  of telomers, e x c e p t  i n  t h e  
s i m p l e  case where  t h e  c h a i n  t r a n s f e r  c o e f f i c i e n t  i s  u n i t y  and t h e  
te logen/monomer r a t i o  r e m a i n s  c o n s t a n t  t h r o u g h o u t  t h e  t h e  t u b e .  
A c o n t i n u o u s  st irred a u t o c l a v e  reactor is n o t  s u b j e c t  t o  t h i s  
d i f f i c u l t y  s i n c e  i t  o p e r a t e s  under  s t e a d y  s t a t e  c o n d i t i o n s .  I n  
a n y  f u t u r e  c o n t i n u o u s  t e l o m e r i z a t i o n s ,  w e  w i l l  u s e  t h e  l a t t e r  
a p p r o a c h  r a t h e r  t h a n  t h e  t u b e .  F o r  smaller scale o p e r a t f o n s ,  
t h e  s t i r red a u t o c l a v e  reactors w i t h  c o n t i n u o u s  feed of t e l o g e n  
( i n  o r d e r  t o  m a i n t a i n  a c o n s t a n t  c o m p o s i t i o n )  w i l l  be t h e  method 
o f  c h o i c e  

A d i s c u s s i o n  o f  e x p e r i m e n t s  which were pe r fo rmed  t o  
conve r t -C1  and-CCl3 g r o u p s  i n  t h e s e  telomers to-COOH g r o u p s  is 
g i v e n  i n  s e c t i o n  B. 

B. R e a c t i o n s  of t h e  CC14 Telorners 

Our e x p e r i m e n t s  h a v e  shown t h a t  one  c a n  o b t a i n  telomers 
of  e t h y l e n e  and neohexene  h a v i n g  h i g h  c h l o r i n e  f u n c t i o n a l i t i e s  
when CC14 i s  used  a s  t e l o g e n  under  t h e  p r o p e r  c o n d i t i o n s .  The 
f u n c t i o n a l  g r o u p s  so i n t r o d u c e d ,  however ,  mus t  be c o n v e r t e d  i n t o  
o t h e r  f u n c t i o n a l  g r o u p s  which w i l l  be u s e f u l  f o r  l o w  t e m p e r a t u r e  
c u r i n g  r e a c t i o n s  i f  t h e  telomers are t o  be used  a s  s o l i d  p ro -  
p e l l a n t  b i n d e r s .  

T h e r e  are  t w o  d i f f e r e n t  k i n d s  o f  f u n c t i o n a l  g r o u p s  i n  
t h e s e  telomers. A t  one  end of  each m o l e c u l a r  i s  a chloride f u n c -  
t i o n ,  a t  t h e  o t h e r  end is  a t r i c h l o r o m e t h y l  g r o u p :  

- 9  - 



The chemica l  l i t e r a t u r e  abounds w i t h  examples  where 
small  molecules c o n t a i n i n g  t h e s e  f u n c t i o n a l  g r o u p s  h a v e  been 
c o n v e r t e d  i n t o  c a r b o x y l i c  a c i d s  and even  d i - c a r b o x y l i c  ac ids .  
Most of these examples  have  d e a l t  w i t h  f a i r l y  l o w  m o l e c u l a r  
w e i g h t  e t h y l e n e  telomers c o n t a i n i n g  1-5 e t h y l e n e  r e s i d u e s .  I n  
t h e s e  examples ,  t h e  C C l 3  g r o u p  h a s  been hydro lyzed  t o  COOH unde r  
b o t h  a c i d i c  and basic c o n d i t i o n s .  The C 1  g r o u p  h a s  been  d i s -  
p l a c e d  w i t h  CN-, SE, Br’ and I-. The p r o d u c t s  from CN‘ d i s p l a c e -  
ment h a v e  been h y d r o l y s e d  t o  g i v e  d i - c a r b o x y l i c  a c i d s .  

1-7 

With t h i s  background,  i t  appea red  t h a t  t h e  CCl4 te lo-  
mers o f  e t h y l e n e  and neohexene ( d e s c r i b e d  i n  t h e  l a s t  q u a r t e r l y  
r e p o r t ,  a s  w e l l  a s  i n  p a r t  A of t h i s  r e p o r t )  were v e r y  p r o m i s i n g  
i n t e r m e d i a t e s  from which c u r a b l e  p repo lymers  c o u l d  be produced 
u s i n g  s t a n d a r d  o r g a i n c  reactions. 

We h a v e  t r ied t h e  f o l l o w i n g  a p p r o a c h e s  d i r e c t e d  toward  
p l a c i n g  u s e f u l  f u n c t i o n a l  groups  upon t h e  CCl4 telomers: 

D e g r a d a t i o n  under  s t r o n g l y  a l k a l i n e  c o n d i t i o n s ,  
l e a d i n g  t o  e l i m i n a t i o n  of HC1:  

R R 
c1 

I c1 
I b a s e  R, C=cH(CH-c!H2~-cH-C=C, I I / 

-2HC1 ’ H/ 
H I1 

T h i s  c o u l d  be fo l lowed  by o x i d a t i o n  of t h e  u n s a t -  
u r a t e d  p r o d u c t  t o  a d i - c a r b o x y l i c  ac id :  

R R 
I I 0 

C-(cnr-CH2h-cH-C’ 
HO’ ‘OH 

A c i d  h y d r o l y s i s  of t h e  t r i c h l o r o m e t h y l  g r o u p :  

R 
I 

R 
I 

R 
I 

N i t r i l e  d i s p l a c e m e n t  of c h l o r i d e ,  f o l l o w e d  by 
h y d r o l y s i s  t o  c a r b o x y l :  
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I 

R R V  R 
I 

HO' n m 

4) M e t a l a t i o n  of t h e  t e r m i n a l  a l k y l  c h l o r i d e -  f o l l o w e d  
by c a r b o n a t i o n  of t h e  r e s u l t a n t  metal a l k y l :  

R k 1  + 2M ;-) R h l  + M-C1 

H +  c-- 
co2  

0 

oe R'C! 

1. A l k a l i n e  D e g r a d a t i o n  

W e  h a v e  used  t w o  d i f f e r e n t  sets of c o n d i t i o n s  unde r  t h i s  
a p p r o a c h .  The f i rs t  of  t h e s e  is  b a s i c a l l y  s i m i l a r  t o  t h e  con- 
d i t i o n s  which w e  had found t o  be e f f e c t i v e  i n  t h e  s a p o n i f i c a t i o n  
of C s N  end g r o u p s  o f  t h e  AIBN polymers  (see Q u a r t e r l y  R e p o r t  #1 
page  9 ) .  The CCl4 telomer is  d i s s o l v e d  i n  b u t a n o l  and t reated 
w i t h  p o t a s s i u m  h y d r o x i d e  i n  a sealed t i t a n i u m  l i n e d  bomb a t  250°C 
under  a u t o g e n o u s  p r e s s u r e  f o r  a b o u t  20 h r s .  This p r o c e d u r e  w a s  
t r i e d  on CC14 telomers 23-EMS-63, 6 4  and 65 d i s c u s s e d  l a s t  q u a r t e r .  
The r e s u l t s  are  shown i n  Tab le  IV. 

The -CC13 g r o u p s  were s a p o n i f i e d  t o  -COO' o n l y  t o  a v e r y  
minor  e x t e n t ,  however a c o n s i d e r a b l e  amount of  e l i m i n a t i o n  h a s  
o c c u r r e d .  T h i s  is  shown by t h e  p r e s e n c e  of u n s a t u r a t i o n  i n  t h e  
p r o d u c t ,  a s  w e l l  a s  by t h e  v e r y  l o w  c h l o r i n e  c o n t e n t s .  The s t r o n g  
I . R .  bands  i d e n t i f i e d  w i t h  C C l 3  w e r e  a b s e n t .  q e  p r e s e n c e  of o v e r  
one  oxygen p e r  m o l e c u l e  a s  w e l l  a s  t h e  1120 c m -  I . R .  band sug-  
gest t h a t  e x t e n s i v e  ether f o r m a t i o n  has  o c c u r r e d  a s  w e l l .  These  
p r o d u c t s  a r e  c e r t a i n l y  n o t  homogenous by any  means,  however ,  t h e  
p r e s e n c e  of ~1 C=C p e r  molecu le  encouraged  u s  t o  c o n t i n u e  t h i s  
a p p r o a c h .  
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The s e c o n d  p r o c e d u r e  w e  t r i e d  u n d e r  t h i s  a p p r o a c h  w a s  
t o  t reat  t h e  telomers w i t h  p o t a s s i u m  t - b u t o x i d e  i n  r e f l u x i n g  
t e t r a h y d r o f u r a n .  We a n t i c i p a t e d  t .hes5 c o n d i t i o n s  would f a v o r  
E-1 e l i m i n a t i o n  r e a c t i o n s  a n d  lead e x c l u s i v e l y  t o  m o l e c u l e s  
h a v i n g  a d o u b l e  bond a t  e a c h  end .  F o r  these e x p e r i m e n t s  w e  used  
CCl4 telomers 23-EMS-126, 24 EMS-68~10, d i s c u s s e d  i n  p a r t  A of 
t h i s  r e p o r t .  

When a CCl4 telomer is  added  t o  a r e f l u x i n g  s o l u t i o n  
o f  p o t a s s i u m  t - b u t o x i d e  i n  THF, a n  immedia t e  e x o t h e r m i c  r e a c t i o n  
o c c u r s ,  a long-with t h e  f o r m a t i o n  o f  a w h i t e  p r e c i p i t a t e  ( p r e -  
sumab ly  K C 1  s i n c e  it is water s o l u b l e ) .  The r e a c t i o n  i s  o v e r  
w i t h i n  o n e  h o u r .  Our p r e l i m i n a r y  a n a l y t i c a l  da ta  show t h a t  t h e  
p r o d u c t s  i s o l a t e d  from t h e s e  r e a c t i o n s  h a v e  no  trace o f  t h e  
-cc13 bonds  a t  700 and  780 c m - l  i n  t h e i r  i n f r a r e d  s p e c t r a .  They 
a l l  g i v e  a s t r o n g  p o s i t i v e  B e i l s t e i n  tes t ,  however ,  t h e  s t r o n g  
a b s o r p t i o n  a t  970 c m - l  ( a t t r i b u t e d  t o  C=C i n  t h e  s p e c t r a  of t h e  
KOK/butanol p r o d u c t s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n )  is n o t  
a t  a l l  e v i d e n t  i n  t h e  s p e c t r a  of t h e s e  p r o d u c t s ,  n o r  i s  e t h e r  
t y p e  a b s o r p t i o n  p r e s e n t  e i t h e r .  

We h a v e  n o t  r e c e i v e d  a l l  t h e  a n a l y t i c a l  da ta  upon these 
p r o d u c t s  a s  y e t ,  and  t h e r e f o r e  c a n n o t  make a d e f i n i t i v e  a p p r a i s a l  
of t h e  r e s u l t s  o f  t h i s  a p p r o a c h  a t  t h i s  t i m e .  Shou ld  t h e  a n a l y t -  
i c a l  da t a  i n d i c a t e  a l a r g e  p r o p o r t i o n  of d o u b l e  b o n d s ,  w e  w i l l  
c o n d u c t  e x p e r i m e n t s  d i r e c t e d  toward o x i d a t i o n  o f  them t o  COOH. 

2. A c i d  H v d r o l v s i s  

I t  has  been  r e p o r t e d  Lhat t h e  -CCQ g r o u p  is r e s i s t a n t  
t o  n u c l e o p h i l i c  a t t a c k ,  b u t  i s  q u i t e  s u s c e p t i b l e  t o  e l e c t r o p h i l i c  
reagents .  Wi th  t h i s  i n  mind ,  w e  h a v e  tested t h e  r e a c t i v i t y  o f  
t h e  CC14 telomers w i t h  s t r o n g  m i n e r a l  a c i d .  

a t  150°C i n  a sealed p y r e x  t u b e  f o r  20 h o u r s  g a v e  e s s e n t i a l l y  n o  
r e a c t i o n  a t  a l l .  

T r e a t m e n t  of telomer 23-EMS-65 w i t h  48% a q u e o u s  HBr 

F r i e d l i n a  and  V a s i l i v a  r e p o r t '  t h a t  CCl4 telomers of 
e t h y l e n e  a r e  r e a d i l y  a t t acked  by fuming n i t r i c  a c i d  t o  g i v e  car- 
b o x y l i c  ac ids .  The y i e l d s  a r e  q u i t e  good f o r  l o w  telomers, b u t  
decrease w i t h  h i g h e r  telomers. 

I n  o u r  e x p e r i m e n t s ,  w e  h a v e  found  t h a t  t h e  CCl4 telomers 
of e t h y l e n e  and  neohexene  a r e  r a p i d l y  a t tacked  by w a r m  fuming 
n i t r i c  a c i d .  Brown fumes of NO2 a re  g i v e n  off  a l o n g  w i t h  HC1 gas 
( t h e  p r e s e n c e  of t h e  l a t t e r  was d e m o n s t r a t e d  by p a s s i n g  t h e  e x i t  
gasses t h r o u g h  a n  A g N 0 3  s o 1 u t i o n ) f r o m  t h e  r e a c t i o n  of t h e  -CC13 
g r o u p s .  

- 13 - 



I n  a t y p i c a l  e x p e r i m e n t ,  .81g (.0016 moles) of 23-EMS- 
6 4  was t r e a t e d  w i t h  10 m l  fuming n i t r i c  ac id  and  h e a t e d  f o r  1 
h o u r  i n  a n  o i l  b a t h  a t  1 3 8 O C .  When t h e  s i l v e r  c h l o r i d e  i n  t h e  
t r a p  w a s  collected,  d r i e d  and  we ighed ,  .23g (.0016 moles) w a s  
o b t a i n e d .  T h i s  c o r r e s p o n d s  t o  a 33% c o n v e r s i o n  o f  - C C l 3  g r o u p s .  

The p r o d u c t  was r e c o v e r e d  by d i l u t i n g  w i t h  water and  
e x t r a c t i o n  w i t h  e ther .  0 . 6 6  gram of  a t w o  p h a s e  p r o d u c t  was re- 
c o v e r e d  a f t e r  e v a p o r a t i o n .  0 . 4 8  gram was h e x a n e  s o l u b l e .  This 
mater ia l  was a straw c o l o r e d  clear o i l .  I t ' s  I . R .  showed a b o u t  
60% of t h e  o r i g i n a l  -CC13 g r o u p s  r e m a i n i n g .  n COOH band of mod- 
erate i n t e n s i t y  w a s  a l s o  p r e s e n t .  The hexane  i n s o l u b l e  f r a c t i o n ,  
. 1 4  grams amber o i l ,  c o n t a i n e d  n o  - C C l 3  f u n c t i o n a l  g r o u p s .  A 
v e r y  i n t e n s e  -COOH band was p r e s e n t .  

The same p r o c e s s  was r e p e a t e d  on a l a r g e r  scale u s i n g  
18 .49g .  of 24-EMS-10 and  100 m l  fuming  n i t r i c  a c i d .  The maximum 
t e m p e r a t u r e  r e a c h e d  w a s  67°C. Upon work up w e  o b t a i n e d  13.23 
gms * of  a hexane  s o l u b l e  amber o i l  and  3.17 grams o f  h e x a n e  i n -  
s o l u b l e ,  water  s o l u b l e ,  v i s c o u s  amber s y r u p ,  c o n t a i n i n g  no  - C C l 3  
g r o u p s .  The hexane  s o l u b l e  m a t e r i a l  had a n e u t r a l i z a t i o n  e q u i v -  
a l e n t  o f  988. I t ' s  I . R .  spec t rum showed t h a t  a b o u t  55% of  t h e  
C C l 3  remained  u n r e a c t e d .  

The r e s u l t s  of t h e s e  and  o the r  e x p e r i m e n t s  s u g g e s t  t h a t  
i t  w i l l  be d i f f i c u l t  t o  ob ta in  a p r o d u c t  i n  which  a l l  of t h e  - C C l 3  
g r o u p s  h a v e  been  c o n v e r t e d  i n t o  COOH u s i n g  t h i s  me thod ,  and  t h a t  
l o w  y i e l d s  and  c o n s i d e r a b l e  by -p roduc t s  a r e  v e r y  l i k e l y  i n e v i -  
t a b l e .  

3. CN D i s p l a c e m e n t  

The n e x t  g r o u p  of  e x p e r i m e n t s  t o  be d i s c u s s e d  a r e  o u r  
a t t e m p t s  t o  effect  a d i s p l a c e m e n t  of t h e  t e r m i n a l  c h l o r i d e  i n  
s t r u c t u r e  I w i t h  c y a n i d e  i o n .  T a b l e  V summar izes  t h e  r e s u l t s  of 
these e x p e r i m e n t s .  

N o  s u b s t i t u t i o n  of CN fcr C 1  o c c u r r e d  i n  a n y  o f  t h e  ex- 
p e r i m e n t s .  A t  100°C n o  r e a c t i o n  o c c u r r e d  a t  a l l .  A t  h i g h e r  temp- 
e r a t u r e s ,  p a r t i c u l a r l y  i n  t h e  v e r y  p o l a r  s o l v e n t s  DMF and  s u l f o -  
l a n e ,  decrease i n  t h e  amount of - C C l 3  g r o u p s  o c c u r r e d .  This w a s  
u s u a l l y  accompanied by t h e  a p p e a r a n c e  of bands  a t  970 .and 800 c m - l  
i n  t h e  i n f r a r e d  s p e c t r u m .  These p r o b a b l y  i n d i c a t e  the  f o r m a t i o n  
of d o u b l e  bonds .  

- 1 4  - 
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4 .  M e t a l a t i o n  

The f o l l o w i n g  e x p e r i m e n t s  were done t o  tes t  t h e  p r a c -  
t i c a l i t y  of  t h i s  r o u t e  t o  c a r b o x y l  t e r m i n a t e d  polymers  from t h e  
CCl4 telomers; CCl4 telomer 23-EMS-128, h a v i n g  Wn =587 c o n t a i n -  
i n g  3 . 4  C 1  p e r  m o l e c u l e  was used i n  a l l  c a s e s :  

1. The telomer w a s  reacted w i t h  a 9 f o l d  e x c e s s  of 
p o t a s s i u m  m e t a l  i n  r e f l u x i n g  t e t r a h y d r o f u r a n .  A d a r k  g r e e n  re- 
a c t i o n  m i x t u r e  r e s u l t e d  w h i c h  g a v e  a s t r o n g l y  p o s i t i v e  Gilman 
tes t  f o r  t h e  p r e s e n c e  of o r g a n o m e t a l l i c s .  D r y  C02 w a s  p a s s e d  
t h r o u g h  t h e  r e a c t i o n  m i x t u r e  u n t i l  t h e  c o l o r  was d i s c h a r g e d .  The 
m i x t u r e  w a s  t h e n  a c i d i f i e d  and worked up t o  r e c o v e r  t h e  telomer. 
The p r o d u c t  e x h i b i t e d  a s t r o n g  COOH c a r b o n y l  i n  t h e  i n f r a r e d ,  b u t  
no  t r a c e  of t h e  a b s o r p t i o n  due t o  t h e  - C C l 3  g r o u p .  
gave  a n e g a t i v e  B e i l s t e i n  test .  The n e u t r a l i z a t i o n  e q u i v a l e n t  
w a s  1073. 

The p r o d u c t  

2 .  I n  a s imilar  e x p e r i m e n t ,  C02 w a s  p a s s e d  i n t o  t h e  
r e a c t i o n  m i x t u r e  from t h e  b e g i n n i n g .  The p r o d u c t  r e s u l t i n g  had 
a n  N . E .  of 1273 ,  and  a s m a l l  amount of - C C l 3  a b s o r p t i o n  w a s  s t i l l  
p r e s e n t  i n  t h e  I . R .  o f  t h e  p r o d u c t .  

S u b s t i t u t i n g  h e p t a n e  f o r  THF gave  a p r o d u c t  w i t h  a neu- 
t r a l i z a t i o n  e q u i v a l e n t  of 2074. 

3. I n  a n o t h e r  e x p e r i m e n t ,  a d d i t i o n  of C02 w a s  d e l a y e d  
u n t i l  3 h o u r s  a f t e r  r e a c t i o n  of t h e  telomer w i t h  t h e  p o t a s s i u m .  
A t  t h i s  p o i n t  t h e  g r e e n  c o l o r  had f aded  and t h e  Gilman tes t  w a s  
n e g a t i v e .  N o  COOH g r o u p s  r e s u l t e d  when C02 was added  t o  t h i s  re- 
a c t i o n  m i x t u r e .  No t r a c e  of t h e  C C l 3  a b s o r p t i o n  c o u l d  be s e e n  i n  
t h e  I . R .  spec t rum of t h e  p r o d u c t .  

When t h e  above  e x p e r i m e n t s  were r e p e a t e d  u s i n g  l i t h i u m  
d i s p e r s i o n  i n  hexane  i n s t e a d  of p o t a s s i u m  metal ,  no  c a r b o n a t i o n  
w a s  e f f e c t e d  however t h e  -CCl3  g r o u p s  w e r e  no l o n g e r  p r e s e n t  i n  
t h e  p r o d u c t s ,  most of which gave a n e g a t i v e  B e i l s t e i n  tes t .  

We feel t h a t  t he  r e a s o n  f o r  t h e  f a i l u r e  of t h e  e x p e r i -  
ments  j u s t  d i s c u s s e d  t o  i n t r o d u c e  c a r b o x y l  f u n c t i o n a l i t y  i n t o  t h e  
CCl4 telomers is  t h e  i n s t a b i l i t y  of  t h e  metal a l k y l s  a t  t h e  
t e m p e r a t u r e s  used t o  form them. An a l t e r n a t e  a p p r o a c h ,  which  w e  
p l a n  t o  p u r s u e  is t o  u s e  m e t a l  exchange  between t h e  telomers and 
a n o t h e r  o r g a n o m e t a l l i c  s u c h  a s  t - b u t y l  l i t h i u m .  T h i s  must  be 
carr ied o u t  a t  l o w  t e m p e r a t u r e s .  Under t h e s e  m i l d e r  c o n d i t i o n s ,  
t h e  telomer o r g a n o m e t a l l i c  compound may s u r v i v e  l o n g  enough t o  
be c a r b o n a t e d .  

- 
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~ C. New Telogens and Telomers 

In order to circumvent the difficulty we have experienced 
in converting the terminal groups of the carbon tetrachloride 
telomer into carboxyl groups, we have conducted a series of experi- 
ments using other telogens which lead to more reactive telomer end ' groups. The telogens tried were: bromotrichloromethane, bromo- 
acetic acid, a-bromoisobutyric acid and tert-butyl a-bromoiso- 
butyrate. Our experiments have shown that all of these telogens 
are more active than carbon tetrachloride. The bromo-ester was 
the most active, followed by bromotrichloromethane. Although 
more active than carbon tetrachloride, the bromo acids were less 
active than bromotrichloromethane. Based upon our previous ex- 
perience and published data, we expected the following end groups 
to result from these telomerizations: 

I 

Telogen 

Br - CC13 

CH3 
I 

Br - C - COOH 
I 
CH3 

(BIBA) 

Br - CH2 - COOH 

B r - C - C  CH3 - 
0 - C - CH3 \ I 

I 

I 
CH3 

CH3 

(BBIB) 

Telomer 

Br - (Polymer) - CC13 

CH3 
I 

I 
Br - (Polymer) - C - COOH 

CH3 

Br - (Polymer) - CH2 - COOH 

'0 ,- C - CH3 
I 

CH3 

CH3 

- 18 - 



Bromoacetic a c i d  h a s  hydrogen  a- t o  t h e  c a r b o x y l  and  c o u l d  l e a d  t o  
hydrogen  t e r m i n a t e d  p r o d u c t s .  T h i s  is  n o t  e x p e c t e d  t o  b e  as pro-  
b a b l e  as t ransfer  reactions i n v o l v i n g  t h e  more reactive h a l o g e n  
atom. 

W e  have  made t e l o m e r i z a t i o n  r u n s  i n  t h e  s t i r r e d  a u t o c l a v e  
r e a c t o r  u s i n g  e a c h  o f  t h e s e  new t e l o g e n s  and  have o b t a i n e d  telomers 
i n  a l l  cases. The r e s u l t s  o f  t h e s e  r u n s  are shown i n  T a b l e  VI. 
The a n a l y t i c a l  d a t a  are i n c o m p l e t e  for m o s t  o f  these runs,  however 
t h e  r e s u l t s  s o  f a r  o b t a i n e d  a re  most e n c o u r a g i n g .  One p r o d u c t  
(Run #24-EMS-66) made w i t h  t - b u t y l  a-bromo i s o b u t y r a t e  t e l o g e n  
h a s  a m o l e c u l a r  we igh t  of 983, c o n t a i n s  3.12% oxygen and  6.86% 

I b romine .  T h e s e  d a t a  i n d i c a t e  t h e  p r e s e n c e  o f  0.95 0 p e r  m o l e c u l e  
I ( t h e  ester end  g roups )  and  0.84 bromine atoms p e r  mo ? e c u l e .  

Ano the r  p r o d u c t  (Run #24-EMS-62) made w i t h  b r o m o a c e t i c  a c i d  
t e l o g e n  h a s  a m o l e c u l a r  we igh t  o f  934, c o n t a i n s  2.86% oxygen 
and  4.98 % bromine.  T h e s e  d a t a  i n d i c a t e  t h e  p r e s e n c e  o f  0.84 
02 p e r  m o l e c u l e  ( t h e  ester end  groups)  and  0.58 bromine atoms 
p e r  m o l e c u l e .  A h i g h e r  p e r c e n t a g e  of n i t r o g e n  (.42%) from t h e  

j 

I i n i t i a t o r  i n  t h i s  p r o d u c t  c o r r e s p o n d s  t o  a b o u t  .3 n i t r o g e n s  p e r  
I m o l e c u l e .  V i s c o s i t y  d a t a  s u g g e s t s  t h a t  t h e  o ther  t e l o m e r s  w i l l  

have  s imi l a r  m o l e c u l a r  w e i g h t s  i n  most  cases, and  t h e  i n f r a r e d  
spectra o f  t h e  o t h e r  t e l o m e r s  show i n t e n s e  c a r b o x y l  or ester 

I b ands .  

With t h e  p r o b a b l e  e x c e p t i o n  o f  t h e  t e l o m e r s  from 
BrCC13,  t h e s e  p r o d u c t s  s h o u l d  b e  easier t o  c o n v e r t  t o  t h e  d i -  
f u n c t i o n a l  c a r b o x y l  t e r m i n a t e d  b i n d e r  materials t h a n  a n y  pro-  
d u c t s  w e  have  p r e p a r e d  t o  d a t e .  Having o n e  c a r b o x y l  p e r  m o l e c u l e  
as  a s t a r t i n g  p o i n t ,  w e  can now work upon t h e  more r e a c t i v e  b ro -  
mine g roup  i n  any o f  t h e  f o l l o w i n g  ways  f o r  example: 

1 )  E l i m i n a t i o n ,  f o l l o w e d  by o x i d a t i o n :  

H R '  R '  
I 1  B a s e  

R - C - C - B r  ,-+ R - C = C  
-HBr I I  

H H  H 

R - COOH 
/ 

H 

2) Disp lacemen t  w i t h  Cyanide ,  f o l l o w e d  by h y d r o l y s i s :  

R - B r  + C@ ____t R - C N  + Br-  

1 c"203 R - COOH 
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3) D i s p l a c e m e n t  w i t h  s u l f i d e ,  l e a d i n g  t o  c o u p l i n g :  

2 R - B r  + S o  R - S - R  + 2 B r e  

T h e  p r o d u c t s  from a l l  o f  t h e  above  r e a c t i o n s  s h o u l d  c o n t a i n  two 
c a r b o x y l  g r o u p s  p e r  m o l e c u l e .  Mote t h a t  r e a c t i o n  3 leads t o  a 
d o u b l i n g  of m o l e c u l a r  w e i g h t ,  e .g .  t h e  983 m o l e c u l a r  we igh t  pro-  
d u c t  d i s c u s s e d  earlier would b e  c o n v e r t e d  t o  a d i f u n c t i o n a l  pro-  
d u c t ,  Ffh 2000. 

We have  c o n d u c t e d  some e x p e r i m e n t s  u s i n g  l l -bromo-  
I h e n d e c a n o i c  acid as a model for t h e  bromine  t e r m i n a t e d  telomers 

d i s c u s s e d  earlier:  

W e  have  found t h a t  i t  dehydrobromina te s  r e a d i l y  u n d e r  t h e  a c t i o n  
o f  F o t a s s i u m  t - b u t o x i d e  and  is  c o n v e r t e d  t o  11-hendeceno ic  acid.  

The  bromo acid a l s o  reacts r a p i d l y  w i t h  sodium s u l f i d e  
t o  g i v e  a new c r y s t a l l i n e  c a r b o x y l i c  acid i n  h i g h  y i e l d .  T h e  new 
ac id  c o n t a i n s  no h a l o g e n  and  its N.M.R. s p e c t r u m  is c o n s i s t e n t  
w i t h  t h e  s t r u c t u r e  of t h e  C22 s u l f i d e  c o u p l i n g  p r o d u c t ,  
HOOC - (CH2)lo - s - (CH2)lo - COOH. 
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D .  D i s u l f i d e s  as T e l o g e n s  

The u s e  o f  t h e  d i s u l f i d e s  shown below as c h a i n  
t r a n s f e r  a g e n t s  i n  e thy lene -neohexene  c o p o l y m e r i z a t i o n s  
was r e p o r t e d  i n  Q u a r t e r l y  Repor t  N o .  5. T a b l e  I11 o f  
t h a t  repor t  gave p o l y m e r i z a t i o n  c o n d i t i o n s  f o r  r u n s  i n  
which  v a r i o u s  d i s u l f i d e s  were used  as  t e l o g e n s .  D u r i n g  
t h e  l as t  q u a r t e r  t h e  p r o d u c t s  f rom t h e s e  r u n s  were 
c h a r a c t e r i z e d .  The r e s u l t s  are l i s t e d  i n  T a b l e  V I I .  
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The p r o d u c t  from r u n  88 w a s  hydro lyzed  u s i n g  
KOH/butanol u n d e r  r e f l u x  at  a t m o s p h e r i c  p r e s s u r e .  The 
r e s u l t i n g  p repo lymer  c o n t a i n e d  COOH g r o u p s  as  shown by 
i n f r a r e d  a n a l y s i s .  The f o l l o w i n g  p r o p e r t i e s  were 
measured :  n e u t r a l i z a t i o n  e q u i v a l e n t  w e i g h t ,  2214; 
number a v e r a g e  m o l e c u l a r  weight  i n  THF, 2027; oxygen 
c o n t e n t ,  1.675%. The c a r b o x y l  f u n c t i o n a l i t y  c a l c u l a t e d  
from Mol Wt /NaE w a s  0 , 9 1 ;  c a l c u l a t e d  from Mol. 
Eq. W t .  w a s  1.06. From t h e  i n c r e a s e  i n  m o l e c u l a r  weigh  
and d e c r e a s e  i n  0 2  p e r c e n t a g e  a s  a r e s u l t  o f  h y d r o l y s i s ,  
it w a s  conc luded  t h a t  p r o d u c t  23 EMS 88 c o n t a i n e d  some 
u n r e a c t e d  t e l o g e n ,  which was hydro lyzed  and removed d u r i n g  
a l k a l i n e  h y d r o l y s i s .  P- roducts  91 and 92 ,  made w i t h  t h e  
same t e l o g e n  ( I I I ) ,  c o n t a i n e d  u n r e a c t e d  t e l o g e n  which w a s  
v e r i f i e d  by compar i son  w i t h  t h e  i n f r a r e d  s p e c t r u m  o f  I11 
( d i m e t h y l  d i t h i o i s o b u t y r a t e ) .  I t  was conc luded  t h a t  I11 
is n o t  a c t i v e  as  a t r a n s f e r  a g e n t  a t  9 0 ° C .  Run 105 w a s  
c a r r i e d  o u t  a t  160' which improved t h e  ra te  of c o n v e r s i o n  
b u t  n o t  t h e  f u n c t i o n a l i t y .  A f t e r  a l k a l i n e  h y d r o l y s i s  t h e  
COOH f u n c t i o n a l i t y  of 105 w a s  s t i l l  1 . 2 .  

Wt./o? 

Runs 89, 94 ,  101 and 106 were made w i t h  t e l o g e n  
I V .  P r o d u c t  89 was c h o s e n  fo r  more e x t e n s i v e  c h a r a c t e r -  
i z a t i o n .  One p u r p o s e  i n  u s i n g  t h e  d i - t e r t i a r y  b u t y l  e s t e r  
o f  d i t h i o i s o b u t y r i c  acid as a t e l o g e n  was t o  f a c i l i t a t e  
g e n e r a t i o n  of t h e  COOH end g roup  b y  mi ld  p y r o l y s i s  as 
shown below: 

P y r o l y s i s  of p r o d u c t  89 d i d  n o t  r e s u l t  i n  
f o r m a t i o n  o f  COOH as  had b e e n  e x p e c t e d .  I n s t e a d ,  v o l a t i l e  
material  d i s t i l l e d  o f f  which had a n  i n f r a r e d  s p e c t r u m  
i d e n t i c a l  w i t h  t h a t  of t e l o g e n  I V ,  w i t h  t h e  a d d i t i o n  of a 
weak COOH band .  E v i d e n t l y  t h e  t e l o g e n  w a s  s l i g h t l y  
p y r o l y z e d  d u r i n g  d i s t i l l a t i o n .  The I . R .  Spec t rum o f  t h e  
r e s i d u e  from t h e  p y r o l y s i s  showed o n l y  a trace o f  a c i d  
c a r b o n y l ,  and t h e  es ter  c a r b o x y l  w a s  weaker  t h a n  t h a t  of 
t h e  s t a r t i n g  material .  Subsequent  a d d i t i o n a l  p y r o l y s i s  
d i d  n o t  a f f ec t  t h i s  band i n t e n s i t y .  I n f r a r e d  b a n d s  of 
t e l o g e n  I V  were a b s e n t  i n  t h e  s p e c t r u m  of t h e  r e s i d u e .  
A n a l y s i s  of t h i s  p y r o l y z e d  p r o d u c t  showed t h a t  i t  had a 
m o l e c u l a r  w e i g h t  of 3850, and c o n t a i n e d  0 .42  s u l f u r  atoms 
per  m o l e c u l e  and 0 . 7 2  0 2  per  m o l e c u l e .  
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A l k a l i n e  h y d r o l y s i s  of t h e  "pyro lyzed"  p r o d u c t  
g a v e  a material h a v i n g  a n  N.E. of  11,150, no  I . R .  e s t e r  
band and  a weak COOH band .  If t h e  s u l f u r  f u n c t i o n a l i t y  
p r e v i o u s l y  measured  had been on  t h e  polymer  c h a i n  t h e  
N.E. a f t e r  a l k a l i n e  h y d r o l y s i s  s h o u l d  have  b e e n  much 
smaller. T h i s  s u l f u r  must  r e p r e s e n t  r e s i d u a l  t e l o g e n  
w h i c h  was n o t  removed d u r i n g  vacuum p y r o l y s i s ,  b u t  which  
w a s  l o s t  d u r i n g  h y d r o l y s i s .  

T h e s e  d a t a  i n d i c a t e  t h a t  s ample  89 c o n t a i n e d  a 
s i g n i f i c a n t  amount o f  t e l o g e n  which c a n  be l a r g e l y  removed 
by vacuum p y r o l y s i s .  The ester g r o u p s  i n  t h e  p r o d u c t  
w h i c h  r ema ined  a f t e r  p y r o l y s i s  are n o t  t e r t i a r y  es ters ,  
b e c a u s e  o f  t h e i r  r e s i s t a n c e  t o  p y r o l y s i s .  I t  is c o n c l u d e d  
t h a t  t h e y  are d e r i v e d  f rom t h e  i n i t i a t o r ,  DMAB. 

Samples  9 4 , 1 0 1  and 106 were n o t  examined i n  
g r e a t e r  d e t a i l  t h a n  d e s c r i b e d  i n  T a b l e  V I I .  

S e v e r a l  c o p o l y m e r i z a t i o n  r u n s  were a l so  made 
w i t h  d i m e t h y l  d i t h i o g l y c o l a t e  (V) as  a t r a n s f e r  a g e n t .  
The p o l y m e r i z a t i o n  c o n d i t i o n s  used are g i v e n  i n  T a b l e  V I I I .  

The p r o d u c t  o b t a i n e d  i n  r u n  18 w a s  h i g h  i n  
f u n c t i o n a l i t y  b u t  too  l o w  i n  m o l e c u l a r  w e i g h t  t o  be o f  
i n t e r e s t  as a h i g h  e n e r g y  b i n d e r .  Some o f  t h e  m o l e c u l e s  
were n i t r o g e n  t e r m i n a t e d  f rom t h e  A I B N  i n i t i a t o r  u s e d .  
The p r o d u c t s  f rom r u n s  27, 38 and 68 were h i g h e r  i n  
m o l e c u l a r  w e i g h t  b u t  were no  be t te r  t h a n  m o n o f u n c t i o n a l .  
I t  w a s  c o n c l u d e d  t h a t  d i m e t h y l  d i t h i o g l y c o l a t e  is b o t h  a 
t r a n s f e r  a g e n t  and a p o l y m e r i z a t i o n  r e t a r d e r .  The l o w  
f u n c t i o n a l i t y  i n d i c a t e s  t h a t  hydrogen t r a n s f e r  is a 
p rob lem w i t h  DMTG. N o  f u r t h e r  work w i t h  t h i s  t e l o g e n  is 
p l a n n e d .  
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TABLE V I 1 1  

ETHYLENE-NEOHEXENE COPOLYMERIZATIONS WITH 

Run N o .  24 EMS 

DIMETHYL DITHIOGLYCOLATE (DMTG) 

I n i t i a l  Charge  

S o l v e n t  
Gms.  S o l v e n t  
G m s .  DMTG 
Neohexene,  gms. 
E t h y l e n e ,  gms. 
I n i t i a t o r  
G r n s . ,  I n i t .  

Fed D u r i n g  Run 

G m s . ,  S o l v e n t *  
A I B N ,  g m s .  
DMTG, g m s .  

React i o n  C o n d i t i o n s  

T e m p e r a t u r e ,  "C 
P r e s s u r e ,  MPSI 

I n i t i a l  
F i n a l  

38 - 27 - 2 1  - 18 - 

Reiizene t 
1 4 . 8  

0 . 9 1  
570 
224 

AIBN 
0.1 

150 
0 . 4  
8.14 

9 2  

2 
15 

1 4 . 8  14 .8  
0.91 0.91 
570 570 
224 210 

A I B N  A I B N  
0 . 1  0 . 2  

150 195  
. 4  1.8 

8 . 1 4  8 . 1 4  

60 90 

0 . 4  0.3 
15 15 

R e a c t i o n ,  Time, h r s .  3 . 6 7  5.13 3.67 

P r o d u c t  i v  i t y 

Y i e l d ,  g m s .  7 T r a c e  1 2  
Conv. ,  % 0 . 9 1  - 1 . 5 4  
R a t e ,  % / h r .  0 . 2 5  - 0 . 4 2  
D e s c r i p t i o n  Reddish-  D i s -  . Clear 

Brown O i l  c a r d e d  O i l  

1 4 . 8  
0 .91  
570 
224 

A I B N  
0 . 4  

195  
3 .6  
8 . 1 4  

90 

0 . 1  
15 

3.67 

40  
5.13 
1 . 4  
Dark  

68 - 

B e n z e n e /  
- t -bu t  a n o l  

16.1 
0.81 
568 
216 

DTBP 
0 . 2  

1 4 5  
0 . 5  
9 . 2 7  

1 4 0  

4 . 2  
15 

2 . 9 5  

39 
4 . 9 8  
1 . 7  
Dark 

Tan O i l  Tan O i l  

* S o l v e n t  f o r  f e e d  was 1/1 b e n z e n e / t - b u t a n o l  - 
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TABLE IX 

CHARACTERIZATION OF COPOLYMERS MADE WITH 
D IMETHYLDITHIO-GLYCOLATE 

Run No. 24-EMS 18 - 

Molecular Weight 514 
Wt. % Sulfur 11.62 
Wt. % c 67.5 
Wt. % H 11.11 
Wt. % 0 9.47 
Wt. % N 1.7 

Functionality 
0 /molecule 1.52 
S molecule 1.86 

0.62 N/molecule 
7 

27 - 

988 
1.70 
82.63 
13.40 
1.27 
1.07 

0.39 
0.52 
0.76 

38 - 

639 
5.49 
76.97 
12.76 
4.98 
0.9 

.99 
1.1 
0.41 

68 
_. 

939 
2.89 

- 
4.01 

1.18 
0.85 
- 
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V I .  PLANS FOR FUTURE WORK 

I n  t h e  n e x t  q u a r t e r  w e  w i l l  d i r e c t  o u r  e f f o r t s  toward  I 
o b t a i n i n g  h i g h  f u n c t i o n a l i t y  prepolymers  from t h e  new telomers 
d i s c u s s e d  i n  P a r t  C o f  t h i s  r e p o r t .  We w i l l  e x p l o r e  reac t ions  

a l i t y .  We w i l l  a l s o  i n v e s t i g a t e  c o u p l i n g  r e a c t i o n s  i n  which t w o  
o r  more o f  t h e  t e l o m e r  m o l e c u l e s  are  j o i n e d  t o g e t h e r  t o  g i v e  
larger m o l e c u l e s  w i t h  a f u n c t i o n a l i t y  o f  two o r  more. Con- 
c u r r e n t l y ,  work w i l l  b e  done  t o  improve t h e  e f f i c i e n c y  o f  
t e l o m e r  s y n t h e s i s  and  t o  p r o v i d e  more o f  t h e s e  i n t e r e s t i n g  new 
materials f o r  c o n v e r s i o n  i n t o  c u r a b l e  prepolymers .  

I d e s i g n e d  t o  c o n v e r t  t h e  bromide  f u n c t i o n a l i t y  i n t o  COOH f u n c t i o n -  

V I I .  NEW TECHNOLOGY 

ITEM 1. 

U.S. P a t e n t  A p p l i c a t i o n  #481,907 
A p p l i c a n t s :  James E. P o t t s  

Arno ld  C .  A s h c r a f t ,  J r .  
Edgar W .  Wise 

T i t l e :  P r o p e l l a n t  Composi t ions  

Date Revea led  
t o  NASA: October  26, 1965  

P r o g r e s s  
R e p o r t s  : S e e  Q u a r t e r l y  R e p o r t s  

#1 a n d  #2, C o n t r a c t  
#951210. 

Union C a r b i d e  C o r p o r a t i o n ,  on October  1 0 ,  1966,  
g r a n t e d  t h e  N a t i o n a l  Aeronautics and Space  A d m i n i s t r a t i o n ,  a n  
agency o f  t h e  U n i t e d  S t a t e s  o f  America, a n  i r r e v o c a b l e ,  non- 
e x c l u s i v e ,  n o n - t r a n s f e r a b l e ,  r o y a l t y - f r e e  l i c e n s e  for  t h e  
p r a c t i c e  of e a c h  i n v e n t i o n  disclosed i n  t h e  above  p a t e n t  ap- 
p l i c a t i o n .  
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V I  I1 GLOSSARY 

telogen - a chain transfer agent. 
BAA - bromoacetic acid. 
BIBA - u-bromoisobutyric acid. 
B B I B  - tert.-butyl u-bromoisobutyrate. 
telomer - a low molecular weight polymer prepared 

with the aid of a telogen. 

functionality - average number of functional groups per 
molecule. 

N . E .  

D U B  

A I B N  

- neutralization equivalent, the number of 
grams of a substance which is neutralized 
by one equivalent of base. 

- dimethyl &,a'-azobis Esobutyrata 

- a,, ~'-azobis EsobutyronitrileJ 
DblTG - dimethyl dithioglycolate. 
DTBP 

T B P P  

- di-tert.-butyl peroxide. 
- tert.-butyl peroxypivalate. 

Beilstein test - a flame test for halogen. 
Gilman test - a color test for organometallics. 
sulfolane - tetramethylene sulfone 
THF - tetrahydrofuran 
DMF - dimethyl formamide. 
N . M . R .  - nuclear magnetic resonance 
I . R .  - infrared 

JEP/ACA : bj c : pdl : 1vm 
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